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ABSTRACT. A new method is presented for calculating
the hydrodynamic coefficients of axisymmetric bodies.
The method utilizes an extended version of the Douglas
potential flow computer program for axisymmetric
bodies to calculate the potential and velocity distribu-
tion along the body required for the determination of the
forces and moment acting on the body. Based on a com-
parison with experiment limited to one body shape, the
method yields values of the hydrodynamic coefficients
for blunt- or flat-based bodies which are adequate for
most engineering work.
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FOREWORD

This report presents a new method, using the Douglas potential
flow computer program, for calculating the hydrodynamic coefficients
of axisymametric bodies. The development given here represents the
first phase of this work, which is restricted to blunt- or flat-based
bodies. The next phase, involving an extension to streamlined bodies,
will be presented in a future report.

The work was undertaken to determine a general analytic method
for calculating the hydrodynamic coefficients of axisymmetric bodies.
it was dore from April 1964 - July 1965 under Bureau of Naval Weaponu
Special Projects Task Assignment 24401, with P, R. Faurot as BuWeps
project engineer. This report represents the considered opinions of
the Propulsion Division.
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NOMENCLATURE

Equaticn of body surface

Axial force on body

Transverse force on body

Functions describing variation of v; along body
Functions describing variation of ¢ along body

Unit vectors in the x, y, z directions, respectively
Body length

Moment on body

Nondimensional derivative of moment with respect to w
Nondimensional derivative of moment with respect to q
Nondimensional derivative of moment with respect to w
Nondimensional derivative of moment with respect to q
Unit vector normal to body surface

Fluid pressure

Angular velocity of body

Body radius

Radial coordinate

Body fixed orthogonal curvilinear coordinates

Time

Axial velocity of body

Fluid velocity

Velocity of body surface

Fluid velocity components in the s, n, 0 directions, respectively
Transverse velocity of body

Inertial rectangular coordinates

X coordinate of body CG

Nondimensional derivative of axial force with respect to G
Body fixed rectangular coordinates

Z coordinate of body CG
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yAA Nondimensional derivative of transverse force with re-
spect to W

Z:i Nondimensional derivative of transverse force with re-
spect to q

Z', Nondimensional derivative of transverse force with re-
spect to w

Zq Nondimensional derivative of transverse force with re-
spect to q
B Angle that a body-surface tangent makes with the axis
Y Angle the body axis makes with respect to the horizontal
P Mass density of fluid
¢ Potential generated by body
SUBSCRIPTS

u Due to axial velocity

Due to transverse velocity
Due to angular velocity

In direction of increasing s

In direction of increasing n

® 5 w o €

In direction of increasing 6
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INTRODUCTION

Traditionally, there have been only two methods for estimating the
hydrodynamic coefficients of axisymmetric bodies. For bodies having
relatively large length-to-diameter ratios and blunt or truncated bases,
slender body theory can be used. For bodies having a streamlined
afterbody, the semiempirical methods of Ref.1l and 2 can be used, pro-
vided the shape does not deviate too much from that of a typical torpedo.
However, for blunt-based bodies having small length-to-diameter
ratios, or for streamlined bodies having shapes that fall well outside
the empirical data of Ref. 1l and 2, there exists no satisfactory method
for estimating hydrodynamic coefficients. To fill this void and, hope-
fully, to improve upon the two methods mentioned above, the work pre-
sented here was undertaken.

For bodies moving with a large axial velocity, small angle of attack,
and small pitch rate, so that no large amount of vortex shedding occurs,
it is reascnable to look upon the flow around the body as being made up
of two regions: (1) a region near the body where viscosity and turbu-
lence play an important part, i. e., the boundary layer; and (2) a region
outside the boundary layer where the flow is strictly potential. Bodies
having blunt or truncated bases normally do not develop thick boundary
layers; hence they may be treated as though the flow around them were
purely potential. Of course, the fact that the flow separates from the
body at the base must be properly accounted for in the treatment.
Bodies having streamlined afterbodies normally develop thick boundery
layers there, so that any treatment of them must analyze both the
boundary layer and potential flow. Although the ultimate purpose of
this work is to facilitate the handling of the case where a thick bound-
ary layer is present, the analysis presented in this report is restricted
to blunt-based bodies where the boundary layer may be neglected. It
is planned to combine a technique! for analyzing the boundary layer
with an analysis similar to that given here to handle the case of a
streamlined afterbody. This work will be presented in a future report.

In seeking a method to calculate the potential flow about an axi-
symmetric body of arbitrary shape, it soon became apparent that the
method developed at the Douglas Aircraft Co. (Ref. 4 and 5) had no
close rival. Not only was the method essentially exact, but a com-
puter program was available. It was therefore decided to build the
method for calculating hydrodynami. . -~-fficients around the Douglas
potential flow solution.

1 The first phase of this boundary layer work is presented in Ref, 3.
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EXTENSION OF THE DOUGLAS PROGRAM

When the idea of using the Douglas potential flow computer program
to calculate the hydrodynamic coefficients of axisymmetric bodies was
conceived, it was possible to use the program to obtain values of the
fluid velocity at the body surface for a stream flow parallel to the axis
and a uniform crossflow. Since this was not enough information to
calculate a complete set of coefficients, a contract was let to the
Douglas Aircraft Co. to extend its theoretical work and include in the
computer program the following additional capabilities.

1. Solution for nonuniform crossflow

2. Calculation of the perturbation potential at the body surface for
axisymmetric flows and crossflows

3. Calculation of the perturbation velocity at the body surface for
axisymmetric flows and crossflows

With these additions to the program, all quantities required for the de-
termination of a complete set of coefficients were available. A dis-
cussion of theoretical development work and extentions to the computer

program is given in Ref. 6.

The term ''nonuniform crossflow' used above is admittedly not ex-
plicit. More precisely, this condition may be defined as any flow
where the potential generated by the body satisfies a boundary condition

of the type

3¢
(—) = (vp)po0 = f(8) cos ®
on/n=0

The terms ''perturbation potential'' and ''perturbation velocity'' are
the potential and velocity arising from the presence of a body in a mov-
ing mass of fluid. They are, of course, equal to the potential and ve-
locity generated by a body moving in still fluid, provided the relative
motion of the body and the fluid at infinity is equal.

PHYSICAL ARRANGEMENT

The physical arrangement considered is shown in Fig.1l. An axi-
symmetric body is in planar motion in unlimited fluid with an axial
velocity u, a transveise velocity w, and an angular velocity q. The
plane of motion is the X-Z plane of the inertial X, Y, Z coordinate
system. Two coordinate systems are fixed in the body: a rectangular
X, Yy, z system originating at the center of gravity of the body, and an
orthogonal curvilinear s, n, 0 system with the origin of the s coordi-
nate at the body nose. An angle y is used to define the orientation of
the body axis relative to the X axis, and coordinates X, and Z_, are
used to locate the position of the body CG in the X-Z plane.
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Body CG

Body cross section
viewed from tail ‘
[ ]

FIG. 1. Physical Arrangement.

BOUNDARY CONDITIONS

The required condition at the body surface is one in which no fluid
penetrates the surface and no gaps occur between the fluid and the sur-
face. Hence the fluid velocity component normal to the surface must
equal the velocity of the surface normal to itself. The following
equation states this requirement.

(Va)no = Vg - N (1)

Ve is the velocity of the body surface and N is the unit normal vector
to the body surface. N is given by the relationship

oB oB 9B
grad B i+ jt+—k
dz

Ix oy
daB\2 aB\? aB\? aB\2 aB\2 9B\?
—) +{—] + |— — +[|—] + |—
9x oy oz ox oy 2z

N =




NAVWEPS REPORT 8799

where B (the equation of the body surface) = f(x, y, z) = 0. Since the
body is axisymmetric, B may be expressed2 as

B=\/y2+z2-R(x)=o

from which there is obtained

9B 9B OR dR

ox oR ox dx

0B Yy

oy Vy2 + 22

9B z
= (3)

9z  Vy2 + z2

Substituting Eq. 3 into Eq. 2 and making use of the fact (see Fig. 1) that
at the body surface dR/dx = -tanf3, y = R sin@, and z = R cos 6, there
results

N = sinBi + sin6 cosPBj + cos 6 cosPk (4)

Using ¥ig.l, the velocity of the body surface may be written directly.

For axial motion u: Vg =ui + 0j + Ok
For transverse motion w: VB = 0i + 0j + wk
For rotation q: Vg = qR cos i + 0j - gxk (5)

Substituting Eq. 4 and 5 into Eq. 1, the boundary condition equation is
obtained.

For axial motion u: (Vun )Jn=0 = u sinp
For transverse motion w: (Vwn)n=0 = W cosP cos B
For rotation q: (Vgn)n=0 = Q(R sinp - x cosB) cos 6 (6)

The subscripts u, w, and q are introduced here to mean resulting
from axial motion, transverse motion, and rotation, respectively.

ZWriting the expression for B in this manner implies that R is a single=valued function of x. How-
ever, it is easily shown that the resulting expression, Eq. 4, is completely general and applies equally
well to bodies where R is a multivalued function of x, such as flat-nosed bodies.

4
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FLUID POTENTIAL

The potential generated by the body will be made up of three parts
arising from the three separate motions of the body: u, w, and q

= by t by t bg (7

Since the potential generated by an axisymmetric body moving along
its axis of symmetry is naturally axisymmetric, the most general ex-

pression for ¢, is
¢, = uF (s, n) (8)

In Ref. 5, Hess shows that the potential gen«<:rated by an axisym-
metric body satisfying a boundary condition of the type

(Vu)n-0= f(s) cos @
has the simple form
¢ = f(s, n) cos B

From Eq. 6, therefore, it is apparent that the most general expressions
for ¢, and ¢, are

o, = wa(s, n) cos @

¢q qu(s, n) cos O (9)

PRESSURE AT THE BODY SURFACE

BERNOULLI EQUATION

Since the body is not in steady motion relative to any poseible
choice of inertial coordinate system, the nonsteady Bernoulli equation
must be used to determine the pressure at the body surface. Assuming
the convention V = grad¢. where V is the fluid velocity, the pressure at
the body surface is given by

n:o""P( ) - tov, o (10)

s—— e e mm ——
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EVALUATION OF (34/8t), ¢

The 34/3t in the nonsteady Bernoulli equation is the time rate of
change of the potential at a point fixed in inertial space; i. e.,

(X, Y, Z, t)

ot

However, ¢ is known as a function of s, n, 6, u, w, and q where

s = f(x, r)

f(x, r)

n

]
1]

f(x. Y’ Z. t)
r=£{X,Y, Z, t)

0=£(X, Y Z, t)

u = f(t)
w = f(t)
q = {(t)

Therefore, the chain rule must be used. Making use of Eq. 7, there is
obtained

oo G e GLIE)L G GG
(G Gl ELIELE). - GELEL
d(F 5 )w o).

o, 3o,
+ |— u + w + | — q (11)
au n=0 8W n=0 aq n=0

where the dot over a symbol indicates the derivative with respect to
time; i. e., U1 = du/dt etc.
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Equations 6, 8, and 9 allow the following relationships to be written.

9, 9F,
( ) = (Vs In=0 = u( ) = uf (s)
9s |n=0 98 [n=0

3o, dF
= (vws)n=0= hi
9s In=0

) cos 0 = wf _(s) cos©
n—=o

an
( ) -(v )n=0= q( ) cos9=qfq(s) cos 8
n=0 s [n=0

20,
( ) = (Vyn)n=0 = u sinp
n=0

( ) = (Vun)no= W cosp cos
n=0

(_ﬂ) = (Vq )o=0 = A(R sinPB - x cosP) cos O
=0

L

9.,
(—) R(vwo )0 = “WI(F,),o 8in6 = -wh_ (s) sin@

( ) = R(v o)n=0 q(F )p=o SiN O = -qh (s) sin®
n-0

b,
( ) = (Fy)no = hy(s)
ou
9o,
(—) = (F,)p0c0s0 = h_(s) coso
oW [n-0
8¢q
3 = (Fy)p-0 €08 6 = h (s) cos © (12)
q /=0
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From Fig.1l, it is seen that s and n are functions of x and r through
the relations

x = x - Ios cosds + n sinf (13)

nose

r=f; sinpBds + n cos @ (14)

where B = f(s). Taking the partial derivative of Eq. 13 and 14 with re-
spect to x and solving simultaneously for dn/3x and 8s/9x, and taking
the partial derivative with respect to r and solving simultaneously for
on/3r and 9s/dr, there is obtained

on

(—) = sinf
0x In=0

Js

(—) = -cos P
00X /In=0

an

(—) = cosf
or In=0

ds

—) = sinf (15)
or In=0

From Fig.1l, the time rates of change of (1) the coordinates of the
body center of gravity and (2) the angle between the body axis and the
horizontal are

dX
——=ucosy + w siny
dt

dZ

(o]

= -u siny + w cosy
dt

dy
— =gq (16)
dt

Also from Fig. 1, the coordinates of a point in the inertial X, Y, Z sys-
tem in terms of the coordinate system in the body are
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X=X,+xcosy+rcosf siny
Y =r sino®
Z=2,-xsiny + r cos0 cosy (17)

Taking the partial derivative of Eq. 17 with respect to time, there¢ re-
sults

dX, dy 9x dy
0= - X siny— + cosy— + r cos 9 cosy —
dt dt at dt
26 or
+ siny|-r sin® — + cos 6 —
ot ot
20 or
0=rcos6—+ sin® —
ot ot
dZ dy . ox . dy
0= - Xcosy — - siny— - r cos 6 siny —
dt dt ot dt
96 or
+ cosyl-r sin8 — + cos 6 — (18)
ot ot

Substituting Eq. 16 into Eq. 18 and solving simultaneously for 9x/at,
dr/ot, and 96/9t, there is obtained

(3)

sin 0
( ) (w - gx) (19)
=R R

-(w - gx) cos @

Substituting Eq. 12, 15, and 19 into Eq. 11, the expression for the
(34 /9t) ,gis as follows:
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~

9
(—) = (uf, + wf, coso + qfq cos 8)(u cosP + qR cosP cos O
ot /n=0
- w sinP cos®+qgx sinP cos0)+(u sinp + w cosp cos 0

+ gqR sinP cos 9 -gx cosPB cosB)(-u sinP - qR sinP cos O

- wcosP cosf+qgx cosfP cos@) + (-wh,, sino - qh<l sin @)

-qx

sin O sin©
w
R R

) + uh, + wh,, cos@ + qh, cose (20)

EVALUATION OF (V%) _

The square of the fluid velocity will be equal to the sum of the
squares of the three orthogonal components v, v,, and v,.

(VZ )n=0= [(vus)n=0 + (vws)n==0 + (vqs)n=0]2

+ [(vun)n=0+ (vwn)n=0 g (an)n=J2

+ [(vuO)n=O s (vwo)n=0 + (vq )n=0]2 (21)

Substituting Eq. 12 into Eq. 21, the expression for (VZ)n:0 is

(Vz)n=o= (uf + wf cose + qfq cos 9)2
+ [u sinpB + w cosPB cos 0 + q(R sinp - x cos ) cos 6])?

sin 0 sin g \|*®
= qhq

+ "th {22)

R

TRANSVERSE FORCE, AXIAL FORCE,
AND MOMENT ON BODY

Utilizing Fig. 1, the expressions for the transverse force Fy, axial
force FA, and moment M on an elemental surface distance of the body,
ds, can be written directly. The transverse force is determined by
integrating, around the circumference of the body, the component of
the pressure force in the F1 direction.

dF

2
- = -R cosf forpnzocosode (23)
S

10
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The axial force is determined by integrating, arcund the body, the
component of the pressure force in the F, direction,

dFa

2 )
—= -R sinp fo'pn;ﬂde (24)
S

The moment is determined by integrating around the body the contribu-
tions arising from (1) the product of the pressure force transverse
component and the lever arm x, and (2) the product of the axial com-
ponent of the pressure force and the lever arm R cos 6.

dM

- 2w 2 q 2w
—c—i—-» Rx cos fo P,.oc0s6d6 - R 51nﬁj;) P,-0€0Os 6d6 (25)
contribution from contribution from
transverse pressure axial pressure
force force

Substituting Eq.20 and 22 into Eq.10 yields the expression for the pres-
sure on the body surface, p, o . Putting this expression into Eq. 23, 24,
and 25, carrying out the indicated multiplications, and integrating with

respect to 0 around the body, and with respect to s along the body from
the nose (s = 0) to the tail (s = st ), there results

F; = puwnm fosTML R cos 3(-sinP cosP - f, sinp + f,, cosp + f,f, )ds
+ puqm f;TML R cos B(-R sin? 8 + x sinp cosP + Rf , cos B
+ xf, sinB + f cosP + f,f )ds + pWwm fosTAIL R cosBh ,ds
s STAIL
+ pqm !0 R cos thds
F, (apparent mass) = pu2nw fosTAn' R sinph ds
M = puwm j:TA“- R(R sinf - x cosB)(-sinp cospP - f, sinp
+ f, ,cosp + f f, )ds + puqn fosTA"' R(R sinp -x cosB)(-R sin?2 g
+ x sinP cosPB + Rf, cosB + xf, sin B + fq cosfP + fufq)ds
+ pwm f;rAn' R(R sinf3 - x cosB3)h,ds

+ pgr f TATL R(R sinB - x cos B)h ds (26)

11
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Since the only potential axial force of practical significance is the axial apparent
mass, all the terms in P, o’ €Xcept the term containing U, were dropped when de-
terming F, .

HYDRODYNAMIC COEFFICIENTS

The expressions for F;, F,, and M in terms of the SNAME (see Ref. 7)
hydrodynamic nomenclature are

Fr= Z; tpt>w+2!jpt*q+ 2z 1o2uw + z, 1pt3uq
F, (apparent mass) = le-é-plsfz
M= M} %pl‘\ivi-Mé %p15q+M;v§pz3uw+M;%p14uq (27)

Equating the expressions for Fy, F,, and M given by Eq. 26 and 27, and solving
for the hydrodynamic coefficients, the following is obtained:

11' fosTMl‘ R cospBh,ds

Zv'v =
1
STAIL
' ™ fo R cos ﬁhqu
Zﬁi = 1,4
34
0 ™ fos’rA!L R cosfB(-sinP cosP-f, sinPB+f cosP+f f )ds
w
H &
' =~ IOSTAIL R cos B(-R sin? B+xsinBcosP+Rf, cosP+xf, sin£3+fq cos B+fufq)ds
Z =
q
e
' TTJ;;TA“' R(R sinf - x cosB)h,ds
1
1
STAIL :
. 1.'.[:) R(R sinp - x cos B)hds
Md - 1,5
21
| = IOSTAIL R(R sinf3 - x cos 3)(-sinB cosp - f, sinB + f, cosP + { f, )ds
M =
w

1
H

12
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LT f;TAIL R(R sinB-x cos B)(-R sin’ B+x sinp cos B+Rf, cos B+xf, sinB+f, cos B+ff )ds
M =

q
1

STAIL .
' 2m o R sinfh ds

X' = e (28)
2

EVALUATION OF INTEGRALS

The integrals in Eq. 28 that express the hydrodynamic coefficients are functions
of the body geometry and the functions f (s), f,(s), fq(s), h,(s), h,(s), and hq(s).
From Eq.8, 9, and 12 it is seen that

(vus )n:O o ufu(s)

(Vs )0 = Wi, (s) cos O

(vqs )n:i) = qfq(s) cos 0

(d)u )n=0 = u( F‘u )n=0 uhu ( s)

(b, )y0= WIF ), 0 cos® = wh_(s)cos®

(d)q )0 = q(I-"q ),.0 €OS 6 = qhq(s) cos 0

Hence the functions f,, f,, and f, describe the variation of the fluid-velocity
component, in the s direction at the body surface and in the meridian plane 6 = O,
for unit values of u, w, and q. Further, the functions h,, h,, and h; describe
the variation of the potential at the body surface in the meridian plane 6 = 0 for
unit values of u, w, and q. As discussed earlier, these functions are given by the
extended Douglas program. They are obtained from the present3 version of this
program in the following manner. To obtain f, and h , the following items are
checked on the control cards: (1) surface of revolution, (2) perturbations only,
and (3) potential computed. In the outputs, T = f, and PHI = h,. To obtain f, and
h,,, the items checked on the control cards are (1) crossflow, (2) perturbations
only, and (3) potential computed. In the outputs, T, = -f and PHI = -h . To ob-
tain f4 and hg, the items checked on the control cards are (1) nonuniform onset
flow (computed), (2) pcrturbations only, and (3) potential computed. In the out-
puts, T, = fq and PHI = hq.

3A new program for calculating the potential flow 1bout axisymmetric bodies is currently being developed at the
Douglas Aircraft Co. This program is written in FORTRAN IV, in contrast to the present machine-language version
that operates in the SAMSON system.

.~
13 :
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A computer program was written at this Station to perform the in-
tegrations indicated in Eq. 28. Since the values of f,, f,, 1, and h,
hy, hg obtained from the Douglas program will not normally occur at
equally spaced values of s, values of the integrands are calculated at
the points where f,, f,, fq and hy,, h,, hq are known from the Douglas
program solution. Values of the integrands at equally spaced values of
s are then determined by three-point Lagrange interpolation, and the
integrals are evaluated using Simpson's rule. An increasingly larger
number of points is used in the Simpson-rule integration, until the

values of the hydrodynamic coefficients reach an essentially constant
value.

A COMPARISON WITH EXPERIMENT

Since the analysis thus far has been limited to a strictly potential
flow solution, a comparison with experimental data from a blunt-based
body is the only valid one that can »e made, because the boundary
layers on such bodies are usually so thin that they may be neglected.
(For a discussion of this area, see the Introduction.) Unfortunately,
the only blunt-based bodies for which complete sets of measured
hydrodynamic coefficients exist are the Polaris missiles. The Al
configuration was chosen for the comparison be ause it was hoped that
the hydrodynamic coefficients for this early version of the missile
could be declassified. This, however, proved impossible., Therefore,
the comparison is made on the basis of the ratio of the coefficient de-
termined from the theoretical calculations to the measured coefficient.

In calculating the hydrodynamic coefficients, it was necessary to
account for the fact that on a blunt- or flat-based body the flow sepa-
rates from the body at the base. For an observer traveling with an
axisymmetric blunt-based body having (1) a large forward velocity, (2)
a small angle of attack, and (3) small pitch rate, the flow behind the
body travels rearward almost as though the body extended back for
for some distance behind its true termination. Therefore, in comput-
ing the values of f,, fw, and f;, a simple model which assumes the
body to extend back indefinitely at its base diameter was used. Of

couree, in calculating the values of Z,,, c'l, s, and Mél from these

values of f,, f,,, and {f , the integrations were performed over the true
surface of the body only. In considering a model to use for calculat-
ing the values of h,, and h,, it appeared likely that the pressure field
created in the fluid due to a transverse or angular acceleration of the
body would fairly strongly sense the presence of the abrupt termination
of the body at the base. Hence the values of hw and hq used in calcu-
lating the values of Zw, Z:, M., M: were obtained with a model which
assumes that the body ends at its true base termination, but does not
have a solid surface across the base. Although several other models
were tried for calculating values of f,, f,, and f; and values of hy and
h,, the two models discussed above, which are the simplest possible
from a computational standpoint, were found to give the best results.

14
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The question arises whether these representations of the base flow,
which worked well for the Al Polaris missile configuration, will work
well for bodies of greatly different shape. Owing to a lack of experi-
mental data, this question cannot be answered at this time and will have
to await further experimental studies.

A comparison of the theoretical and measured hydrodynamic coeffi-
cients of the Al Polaris missile is given in Table 1.

TABLE 1. Ratios of Theoretical (T) to
Measured (M) Values of Hydrodynamic
Coefficients, A! Polaris Missile

Coeisficient Numerical Error !n
i . theoretical
ratio value of ratio ar
coefficient
(Zy)1
0.932 -6.8%
(Z), 8%
L
(zq)r 27
' 0.9 -7.3%
(Zq)M
1]
My . .
0.929 -7.1%
(M, v
L}
(Mq)T 1.047 +4.7%
(Mg y :
(Z3)r
1.023 +2.3%
(Zyhm
L
(ZQ)T 0.935 6.5%
[} 5 6.
(zé)M
My)r
0.992 «0.8%
(Mg )M
L}
(M‘i)‘r 0.961 3.9%
(Mg
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Values given by the new thieoretical approach presented in this report
are compared with the measured4 values given in Ref. 8. As mentioned
above, the comparison is made on the basis of the ratio of theoretical

to measured values.

The largest error is 7.3%. Considering the probable experimental
error in the measured hydrodynamic coefficients, this new theoretical
approach appears to give values for blunt-based bodies that are ade-
quate for most engineering work., Naturally, this supposition is tenta-
tive, since the comparison is limited to only one body shape.

A comparison similar to that shown in Table 1 w s made using
slender body theory. In Table 1, the mean of the aLsolute values of the
percent error is 4.9; for slender body theory, itis 11.7. In Table 1,
the maximum percent error is 7.3; for slender body theory, it is 23.5,
It thus appears that the new theoretical approach yields a substantial
improvement over slender body theory.

DISCUSSION AND CONCLUSIONS

\ new method has been presented for calculating the hydrcdynamic
coefficients of axisymmetric bodies. This method utilizes an extended
version of the Douglas potential flow computer program for axisymmetric
bodies to determine those velocities and potentials at the body surface
which are required to solve for the forces and moment acting on the
body. The development here has been restricted to blunt- or flat-based
bodies where the boundary layer on the body may be neglected. It is
planned to extend this work to bodies having streamlined aftersection
shapes where the thick boundary layer must be accounted for.

Based on a comparison with experiments limited to one tody shape,
it may tentatively be concluded that the new mecthod yields hydrodynamic
coefficient values for blunt-based bodies that are adequate for most en-
gineering purposes. The successful application to a blunt-based body
indicates th.t the method might eventually be extended to streamlined

bodies.

4 The 2., and M,, coefficients were measured in the water tunnel of the Ordnance Research Labora-~
tory, Pennsylvania State University. The remaining coefficients were measured on the pitch-and-heave
oscillator at the David Taylor Model Basin, Washington, D.C.

16



NAVWEPS REPORT 8799

REFERENCES

1. U. S. Naval Ordnance Test Station, Inyokern. The Stability Coeffi-
cients of Standard Torpedoes, by M. R. Bottaccini. China Lake,
Calif., NOTS, July 1954, (MAVORD Report 3346, NOTS 909.)

2. U. S. Naval Ordnance Test Station. Hydrodynamic Coefficients of
Torpedo Bodies, by T. G. Lang, China Lake, Calif., NOTS, April
1955, (NAVORD Report 3485, NOTS 1107.)

3, ——————_. A Turbulent Boundary-l.ayer Calculation Method Based on
the Law of the Wall and the Law of the Wake, by D. M. Nelson.
China l.ake, Calif., NOTS, November 1964. (NAVWEPS Report
8510, NOTS TP 3493.)

4. Douglas Aircraft Co. Calculation of Non-Circulatory Plane an
Axially Symmetric Flows About or Within Arbitrary Boundaries, by
A. M. O. Smith and Jesse Pierce. El Segundo, Calif., Douglas,
April 1958, (Report No. ES 26988.)

5. ————_. Calculation of Potential Flow About Bodies of Revolution
Having Axes Perpendicular to the Free Stream Direction, by John
L. Hess. EIl Segundo, Calif., Douglas, October 1960. (Report
No. ES 29812.)

6. ———. Extension of the Douglas-Neumann Program for Axisym-
metric Bodies to Include Calculation of Potential, Non-Uniform
Cross Flow, Added Mass, and Conduction Problems, by John L.
Hess. Long Beach, Calif., Douglas, Septembe: 19€4. (Report
No. 31765.)

7. Society of Naval Architects and Marine Engineers. Nomenclature
for Treating the Motion of a Submerged Body Through a Fluid.
New York, N.Y., SNAME, April 1950, (Technical and Research
Bulletin No. 1-5.)

8. U. S. Naval Ordnance Tes: Station. Polaris Underwater Launch
Program Investigations Progress Report No. 6, 1 July 1960 - 1 April
1961, Part l: Analysis and Correlation of Results, by J. G. Rezin
and L. M. Nclson. China l.ake, Calif., NOTS, July 196l1.
(NAVWEPS Report 7765, NOTS TP 2743), CONFIDENTIAL.

17



NAVWEPS REPORT 8799

[

N = =

v

18

INITIAL DISTRIBUTION

Chief, Bureau of Naval Weapons
DLI-21 (2)
RU (1)
RUTO (1)
Special Projects Office
Sp 01 (1)
Sp 001 (1)
Sp 20 (1)
Sp 2031 (1)
Sp 22 (1)
Sp 2202 (1)
Sp 27 (1)
Chief of Naval Material
“hief, Bureau of Ships (603)
Chief of Naval Research
Code 104 (1)
Code 466 (1)
David W. Taylor Model Basin (Dr. W. E. Cummins)
Naval Air Development Center, Johnsville
Naval Ordnance Laboratory, Corona
Naval Ordnance Laboratory, White Oak
Technical Library, Dr. S. J. Raff (1)
Naval Postgraduate School, Monterey (Library, Technical Reports
Section)
Naval Research L.aboratory
Code 5550 (1)
Naval Torpedo Station, Keyport
Quality Evaluation Laboratory, Technical Library (1)
Director, Research and Engineering (1)
Naval Underwater Ordnance Station, Newpo.'t
Naval Underwater Weapons Systems Engineering Center, Newport
Naval Weapons Laboratory, Dahlgren
Naval Weapons Services Office (Code DM)
Navy Electronics Laboratory, San Diego
Navy Mine Defense Laboratory, Panama City
Navy Underwater Sound Laboratory, Fort Trumbull
Bureau of Naval Weapons Representative (SPL-35)
Defense Documentation Center (TISIA-1)
Aerojet-General Corporation, Azusa, Calif., via BWR
Applied Physics Laboratory, JHU, Silver Spring (D. Conrad)
Applied Physics Laboratory, University of Washington, Seattle
California Institute of Technology, Pasadena (Library)



UNCLASSIFIED
Security Classification

"DOCUMENT CONTROL DATA - R&D

(Security clessilicetion of title, body of abstrect and indexing annotetion must be entered when the overell report is classilied)

ORIGINATING ACTIVITY (Corporete suthor)
U. S. Naval Ordnance Test Station
China Lake, Calif. 93557

20 MEPOAY SECURITY C LASSIFICATION

UNCLASSIFIED

260 erouPr

REPOART TITLE

Flow Computer Program

Hydrodynamic Coefficient Calculation Using Douglas Potential

4 DESCRIPTIVE NOTES (Type of report and inclhueive detes)
Research Report

8 AUTMHONR(S) (Laet name. fret name. initisl)

Nelson, D. M.

¢ REPORT DATE
October 1965

Te TVOTAL NO OF PAGES 76 NO. OF RErsS

18 8

06 CONTRACY OR GRANT ~NO.

5 PROJECT NO.

BuWeps Special Projects
Task Assignment 24401

98 ORNIGINATOM'S REPORY NUMBENR(S)

NOTS TP 3905
NAVWEPS REPORT 8799

6. avncn :}.oav NO(S) (Any other numbere that mey be sseigned
{e rope

10. AVAILADILITY/LIMITATION NG TICES

Qualified requesters may obtain copies of this report direct from DDC.

1. SUPPLEMENTARY NOTES

12 SPONSORING MILITARY ACTIVITY

Bureau of Naval Weapons

13. ADSTRACTY

A new method is presented for calculating the hydrodynamic coefficients

of axisymmetric bodies.

The method utilizes an extended versior. of the

Douglas potential flow computer program for axisymmetric bodies to

calculate tire potential and velocity distribution along the body required
for the determination of the forces and moment acting on the body.
Based on a comparison with experiment limited to one body shape, the
method yields values of the hydrodynamic coefficients for blunt- or
flat-based bodies which are adequate for most engineering work.

FORM

t JAN & 0101-807-6800

DD 1473

UNCLASSIFIED

Security Classification




UNCLASSIFIED

Security Classification
[!0 LINK A LINK B LINK C

b o o ROLE wy ROLE wT ROLE& wT

Hydrodynamics

Hydrodynamic Coefficient Calculation
Douglas Potential Flow Computer Program
Extension of Douglas Program
Axisymmetric Bodies

Potential and Velocity Distribution

Forces and Moment Acting on Body

Blunt- or Flat-Based Bodies

INSTRUCTIONS
t. ORIGINAT NG ACTIVITY: Enter the name and address imposed by security classification, using standard statements
of the contractur, subcontractor, grante., Department of De- such as:
fense activity or other orgunization (corporate author) issuing (1) **Qualified requesters may obtain copies of this
the report. report from DDC. *’
2e. REPORT SECURITY CLASSIFICATION: Enter the over 9 . . :
all security clessification of the report. Indicate whether @ re';::tel:: S&m::c:e:‘:':nng:;loﬁmmauon Sfitivia
‘‘Restricted Data’’ is included Marking is to be in sccord-
ance with sppropriate security regulations. (3) °°U. S. Government agencies may obtain copies of
2b. GROUP: Automatic downgrading is specified in DoD Di- ;’:‘:':e:’::ld:::l:‘ ?:":uzsc Other,qualitied DDC
rective 5200. 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional L
markings have been used for Group 3 and Group 4 as author- (4) “‘U. S. military agencies may obtain copies of this
ized. report directly from DDC. Other qualified users
5. REPORT TITLE: Enter the complete report title in all shall reguest through

capital letters. Titles in all cases should be unclassified. .

If a meaningful title cannot be selected without classifica- -
tion, show title classification in all capitals in parenthesis (S) **All distribution of this report is controlled Qual-
immediately following the title ified DDC users shall request through

4. DESCRIPTIVE NOTES If appropriaste, enter the type of

report, e.g., interim, progress, summary, annual, or final. If the report has been furnished to the Office of Technical
Give the inclusive dates when a specific reporting period is Services, Department of Commerce, for sale to the public, indi-
covered. cate this fact and enter the price, if known
B UINBGREL U nter thel neme(s) off @uthor(x) as scwalon 1. SUPPLEMENTARY NOTES: Use for additional explana-
or in the report. Enter last name, first name, middle initial. tory notes.
If militery, show rank and branch of service. The name of

12, SPONSORING MILITARY ACTIVITY: Enter the name of

the principal aythor 1 an ahsolute minimum requirement. . ) P Al p
i the departmental project office or laboratory sponsoring (pey~
6. REPORT DATL: Enter the date of the report as day, tng for) the research and development. Include address.
month, year, or month, year. If more than one dste appears
on the report, use date of publication. 13 ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though

7a. ;I;O'TGL NU“BE]R Ol;-‘ PAGES: ‘::' '°"l, page coult\;‘ it may also appear elsewhere in the body of the technical re-
shou ollow normal pag nstion proceduses, i.e., enter the port. If edditional space is required, 8 continuation sheet shall
number of pages containing information be attached.

7b" NU“BE? 3': RﬁFERENCES; Enter the total number of It 13 highly desirable tiiat the abstract of classified reports
references cited in the report. be unclassified. Each paragroph of the abstract shall end with

an indication of the military security classification of the 1n-

8s. CONTRACT OR GRANT NUMBER: If appropriste, enter
formation in the paragraph. represented as (TS). (S). (C). or (U)

the applicable number of the contract or grant under which

the report was written. There is no limitation on the length of the abstract. How-
8d, &, & 8d. PROJECT NUMBER: Enter the appropriste ever, the suggested length 1s from 150 to 225 words.
% < i h roj m 0

miitery epuriment identitication, such 31 oo/ MnSS. | 1, gy wORDS: Key words ar techaically maeninglul temms
or short phrases that characterize a report and may be used as

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi- index entries for cataloging the report. Key words must be

cial report number by which the document will be identified selected so that no security classification 1s required. Ident:-

and controlled by the originsting activity. This number must fiers, such as equipment model designation, trade name. military

be unique to this report. project code name, geographic location, may be used as key
956. OTHER REPORT NUMBER(S): If the report has been words but will be followed by an indication of technical con-
assigned any other report numbers (either by the originator text. The assignment of links. reles, and weights 1s optional.
or by the sponsor), also enter thus number(s).

10. AVAILABILITY/LIMITATION NOTICES: Ente: #ny lim-
itations on further dissemination of the report. other than those

UNCLASSIFIED
Security Classification




